Abstract
The influence of facies heterogeneity on the doublet performance in low-enthalpy geothermal sedimentary reservoirs 
59
The connectivity is closely linked to the net-to-gross ratio (N/G), which is 60 the net reservoir volume versus the total volume (Hovadik and Larue, 2007) .
61
Above 50% N/G the connectivity is more than 95% and it is unlikely that 62 this is a significant uncertainty (King, 1990) . For fluvial reservoir systems the drastically from 80% to roughly 25% (Larue and Hovadik, 2008) .
76
In the geothermal sector depositional processes and the building of various channel depth, and avulsion frequency within other controlling parameters.
142
For example, the location of a fluvial channel after the avulsion depends on are derived from well core data and presented in Table 1 .
163
After the reservoir realisations are generated, the model is simplified by dividing the 7 types of geobodies into two groups; sand (channel lag, point bar, sand plug) and shale (crevasse splay, levee, overbank alluvium, mud plug). The sand group is considered as reservoir and the shale group as non-reservoir and the groups are used to calculate the N/G of the realisations.
Sandstone grain size heterogeneity within sandstone bodies depends on paleo flow speed, and the proximity to the channel axis and river bends. As a result, the permeability of channel lags, point-bars and sand plugs varies across sandstone bodies (Willis and Tang, 2010) . Therefore the heterogeneity of the facies in the sand group is assumed to be captured by using the sandstone permeability distribution from the core measurements (TNO, 1977 
(1)
Where κ is the permeability [mD] and φ is the porosity [-] . The effect of are also assumed to be homogeneous and isotropic (Table 2) .
169
To determine the effect of the heterogeneous porosity of the reservoir 
Where t is time 
The total thermal conductivity is expressed as: λ λ λ = λ eq I I I +λ λ λ dis .
213
Where λ eq is the equivalent conductivity of the fluid and the matrix and 214 the λ λ λ dis the thermal dispersion tensor. This equivalent conductivity and the 215 volumetric heat capacity are both volume averaged:
Where the suffixes s and f stand for solid (shale, sand) and fluid (brine),
217
respectively.
218
Thermal dispersion has influence on the total conductivity. Thermal 219 dispersion can be described as a function of the fluid velocity and fluid 220 heat properties. The thermal dispersion tensor which is based on the solute 221 dispersion model (Scheidegger, 1961) , reads:
|q| is the magnitude of the Darcy velocity vector and α L and α T are the 223 thermal dispersion coefficients in the longitudinal and transversal direction, respectively.
225
The pore fluid used in the dynamic model is brine. The brine has a 226 constant specific heat capacity, heat conductivity and salinity ( 
The density of the brine depends on the temperature, the pressure and 230 the salinity as:
Where
For equations 5 to 7, T is in [
• C] and P in [MPa] (Batzle and Wang, 1992 ).
232
The model domain is discretised by 3D tetrahedral and hexahedral finite 
Life time 245
The water temperature calculated at the production well is used to obtain The cumulative produced energy is defined as:
and the total available energy as:
Where ∆t is the time step increment, the subscript i the time step, n total The energy production is the produced energy minus the pump energy 264 that is required to induce a pressure difference between the injection and the 265 production well: E net = E prod − E pump . Where E pump is the required pump 266 energy, assuming the efficiency of the pumps is equal to 1:
3. Results gradient at which it drops start to differ among the realisations (Figure 4-B) .
293
The differences are even larger at a N/G around 10% (Figure 4-A) . The 294 variations can also be seen in the required energy for the pump ( Figure 5 ).
295
A higher energy requirement means that more energy is needed to have the 296 same discharge implying that the sand bodies at the injection well are less 297 connected to the sand bodies at the production well. As a result the net 298 energy produced is less scattered than the total energy produced at very low 299 N/G.
300
The difference in the temperature breakthrough curves originates from the 
Where α Q is the discharge fitting parameter. The fitting parameter of the 327 recovery, β R , is barely sensitive to increasing 1/Q (Figure 8-B) and therefore 328 the effect of discharge on β R is neglected. Neither does the discharge variation 329 have effect on the fitting parameter γ. pressure difference between the injector and producer increases significantly.
364
The models with the random realisations (Type III) result in a much lower 
372
The model is described as:
The model is only tested for discharge rates between 80 and 140 m 3 /h and logarithmic, but linear. The improved design model is described as: which is similar to the oil recoveries reported by Larue and Hovadik (2008) .
438
The differences between obtained energy recoveries for realisations with 50 cold water breakthrough, especially before drilling.
504
Even though it is hard to make very accurate reservoir simulations before 505 drilling, simulation results will provide a valuable range of expected life times.
506
This means that the geology has a major impact on life time and is as 507 important as the human controlled parameter 'discharge' when estimating 508 the life time of a low-enthalpy geothermal doublet.
509
When layer cake models are used to calculate the life time one major 510 assumption is that all the reservoir bodies are concentrated (i.e. 100% Region 2 is relatively small and the main controlling factor is the discharge.
556
In Region 1 the dependence of life time on N/G is larger than in Region 2.
557
Therefore small over-and underestimation in N/G have a large impact on 
